



















































































































































































































































































































































































































































































Software Decompression

has received all the compressed data and so will not need to SPACE reverse and re-read the
entity.

On the other hand, if the Information field is negative, the requested block length is less
than the actual entity length, and the host must SPACE reverse and re-read the whole
entity in order to perform the software decompression successfully. The host does this by
looking in the Command-Specific Information field in order to find the number of blocks in
the entity. It then issues a SPACE reverse with the Count field set to the twos complement
of this value. This will position the tape at the start of the entity. (Note that by subtracting
the Information field—that is, the residual count—from the requested block length, the
host can determine the actual entity size and reserve enough buffer space to receive the
data.) Because the RED bit is set, the host will be able to READ the entity without the drive
generating a CHECK CONDITION.

As long as the RED bit is set, the host will be able to continue reading entities from the
drive until either an entity is found which has been compressed using a different
algorithm, or uncompressed data is found.

Note that in fixed mode, the host will not be able to determine the size of the encountered
entity from the Information field, because the residual information will be in terms of
blocks, not bytes. It is up to the host in this case to take the appropriate action.

Note also that whenever the host needs to SPACE reverse over an entity because it has not
managed to read all the data the first time round, the drive will return to its initial state as
far as the RED bit is concerned. It will therefore issue a DECOMPRESSION EXCEPTION
CHECK CONDITION in response to the following READ command.

Summary

The example outlined above illustrates the requirements from both a host and a drive if
software decompression is to be supported within a system. The interaction depends upon
the drive being aware of compression/non-compression data boundaries and being able to
report them, upon the host having the capability to perform software decompression, and
upon the drive’s ability to return compressed data items to the host without decompressing
them.
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Digital Data Storage (DDS) DF1

DDS Format

Digital Data Storage (DDS) is a recording format which supports the use of Digital Audio
Tape (DAT) for computer applications. DDS tape drives make use of DAT features like
helical-scan recording (see “Theory of Operations™) and sophisticated error-correction
techniques developed for use in the audio market.
In addition to the error-correction and data-integrity features provided by DAT, the DDS
format has the following features:

m A fast-search capability at up to 200 times the normal read/write speed.

s The option of formatting the tape into a one-partition or two-partition structure.

m A third level of error correction (C3 ECC), which can recover errors that are too
severe for the basic DAT format techniques (C1 and C2 ECC) to correct.

® A Read-After-Write (RAW) facility which checks the data for errors immediately
after it is written, and rewrites it if necessary.

u The option of N-Group Writing (Multiple Group Writing), where each group of data
is repeated a specified number of times before the next group is written.

The DDS format is structured to overlay the basic audio format. It does this by organizing
the frames (pairs of tracks) of the audio format into a sequence of data groups on the tape,
each group with a fixed data capacity. Figure DF-1shows the construction of a group.

Figure DF-1 Optional error correction frame (C3 ECC)—‘

Index
__]

Construction Or;: Group

of a Group (=22 frames, approx 126 kilobytes)

Each group consists of 22 frames-worth of data, where a frame is a pair of tracks across
the tape. See figure DF-2.

Figure DF-2

. Written by A head
Written by B head

One Frame
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Tape Layout

Figure DF-3

The Structurs
of a Frame

As with the audio format, 60% of the length of a track is user data. The rest consists of:
® Margin Areas, which are used as guard bands.
= Sub-Code areas, which are used to enable fast-searching at up to 200 times the
normal read/write speed. This enables the drive to access any file on the tape
rapidly, on average within 20 seconds. (See “Fast-Search” in chapter SF1 for more
information).
m ATF (Automatic Track Finding) areas, which are used to center the head on the
track.
Figure DF-3 shows the structure of a frame.
Margin Area

4

Sub-Code Arsa
ATF Area

Data

Area ATF Area

/ / Sub-Code Area

\%._ Margin Area

A host computer sends data and separator marks to a tape drive which supports the DDS
format. The separator marks identify where logical collections of data (for example, files
and sets of files) begin and end. The tape drive organizes the information into groups and
writes it to tape. An index in each group identifies and locates the data blocks and
separator marks contained in the group, and each group can be followed by an optional
error-correction frame. (See “Error Handling” in chapter SF1 and “How Error Correction
Works in DDS” in chapter DF2 for details of Error Correction techniques).

The method of indexing allows for fixed and variable length blocks and for separator
marks to be encoded onto the tape without significantly affecting the amount of data that
can be stored on a particular cassette.

Tape Layout

The DDS format supports the formatting of tapes into a 1-Partition or 2-Partition
structure. These are described in the following sections.

One-Partition Tape

The overall tape layout consists of four areas: the Device area, the Reference and System
area, the Data area and the EOD area. Figure DF-4 shows the different areas.

Figure DF-4 Vendor Groups
Qroup
z -— em—
!
Device Reference & Data Area EOD EW
BOM BOP
Area System Area Area
Overall Tape y A EOPM
Layout
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Digital Data Storage (DDS)
Tape Layout

Beginning-Of-Medium (BOM) and End-Of-Medium (EOM) are the points where the
magnetic tape is joined to transparent leader and trailer tapes respectively.

Note In the following, write operations can only occur if the tape is write-enabled.

Device Area

This has three sections:

1 The load section, which is the part of the tape that is wrapped around the drum when
the tape is first loaded.

2 A test section, where read and write tests of the drive’s electronics and servo are per-
formed.

3 A guard section, which provides a safety zone between the test section and the start of
recorded frames.

Reference and System Area
Reference Area The Reference area defines the Beginning-Of-Partition (BOP), and facilitates

Data Area

efficient positioning when updating the System area.

System Area The tape logs of usage and soft error occurrence are stored in the System area.

This logged information is lost whenever a tape is formatted (see “Partitioning”
in chapter SF1).

The Data area is written as a sequence of groups (see “DDS” earlier in this chapter),
starting with a special Vendor Group which is written automatically by the drive. The
Vendor Group holds details of the drive which created the partition, and the date. It is
followed by data groups, which have a fixed capacity, and are used to store blocks,
filemarks and setmarks written by the host. Fixed-length or variable-length data blocks
may be written. These, together with tape marks, are mapped into the fixed capacity
groups by a method known as Indexing, which uses a minimal amount of the data capacity
of the tape (see chapter DF2).

Blocks
The host has the option of writing either fixed-length or variable-length blocks to the drive.
The drive maps these blocks into the fixed-length group structure using the index in each
group. A block may be written within a single group or span several groups, depending
upon its size. The mapping process is invisible to the host system.

Separator Marks

DDS provides for two types of separator marks—filemarks and setmarks—which are each
represented by 4 bytes in the index of a group. It is the responsibility of the application
developer to define the logical significance of these marks.

Filemarks The meaning of filemarks is defined by the host.

Setmarks Setmarks provide an additional method of data segmentation. This new
type of mark gives the host the freedom to include any number of blocks
and filemarks within a set, and the ability to search to the end of it in one
motion. Searching to setmarks automatically invokes the drive’s
fast-search facility, unless the setmark is in the buffer. The host does not
need to know the number of blocks and filemarks contained in a set in
order to position past it, before appending more data.

DDS Format 3



Digital Data Storage (DDS)
Tape Layout

The use of the setmark is not restricted to marking the end of a set of data.
The host is free to assign any meaning to this mark it wishes.

See “Managing Blocks and Separator Marks” in chapter SF1 for more information.

EOD Area
The EOD area specifies the point on the tape where the host stopped writing data. The
host does not specifically command the writing of this section of the tape. It is the drive’s
responsibility to detect conditions which indicate that the host has stopped writing data,
and generate the EOD area at this point.

EW and EOP/M :
At the end of the tape are the Early Warning (EW) mark and End-of-Partition/Medium
(EOP/M). EW is a fixed distance (2045 frames—at least 500 mm) from EOP/M, and is
generated automatically by the drive. When the drive detects the EW point while writing, it
indicates to the host that it should stop writing data to the tape.

Tape Partitions

The DDS format provides the option of formatting the tape into a 1-Partition or
2-Partition structure. The host decides whether a blank tape is to be formatted into one or
two partitions before writing any data. If no format command is sent by the host before
writing to a blank tape, the tape will default to a 1-Partition structure.

If two partitions are created, the partition closest to the beginning of the tape is known as
Partition 1, and the partition closest to the end of the tape is known as Partition 0. The
size of Partition 1, in megabytes, is determined by the host during formatting (see “Making
or Modifying Two Partitions” in chapter SF1). Each partition may be written and read
independently. Figure DF-5 shows the available partition structures.

Figure DF-5
BOP EOP/M
BOM Partition O
1-Partition
(default)
BOP EOP/BOP EOP/M
BOM Partition 1 Partition O /
2-Partition

Available Patrtition
Structures

Note In each of the two partitions, new data may be appended to existing data at any time.
However, when data is written to a partition, any existing data which is beyond the
current writing point in that partition will be lost.
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Digital Data Storage (DDS)
Tape Layout

Two-Partition Structure

A 2-Partition tape has a single Device area, the same as a 1-Partition structure. Each
partition has its own Reference and System area, Data area and EOD area. In addition, an
EW mark and EOP are defined for Partition 1 and BOP is defined for Partition 0. See

figure DF-6.
Figure DF-6
BOM BOP . Eop
~-~ Partition 1 //
& Vendor " ” !
Reference
Device Area System Area Group Data Area EOD
Vi vy 1/
7/ 7”7 2045 frames
EwW EOP
BOP Partition 0
/I /L /L
/ 7/ 7/
Reference & | Vendor Data Area EOD
System Area Group
/1 Vyi /7L
/ 7/ 17 L_ 500mm __J
Contents of the Ew minimum £op/ay

2-Partition Structure

Two System areas are provided in order to maintain separate logs of usage and soft error
occurrence for each partition. It is likely that the partitions will experience different
degrees and types of use, and so show different error occurrences. The existence of two sets
of logs allows the data to be retained separately for each partition; a single log might mask
significant differences between the two partitions.

Each System area is preceded by a Reference area.

Separate Vendor Groups are written automatically by the drives that write each partition.
They provide information about the drive, the time the partition was initialized, and the
type of interface.

DDS Format 5
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Fast-Search, Indexing, Error Correction . DF2

This chapter contains details of how fast-search, indexing and error correction techniques
work in DDS-format drives.

How Fast Search Works

The drives uses information encoded in the Sub-Code areas of each track (see figure DF-7)
to perform fast-searching at up to 200 times the normal read/write speed.

Figure DF-7
Sub-Code Area

Data
Area

Sub-Code Area

Location of
Sub-Code Areas

The information in the Sub-Code areas includes a group count, setmark count, filemark
count and block count. Fast searching is done in response to a SPACE command from the
host to find a specified setmark, filemark or block.

When fast-searching, the tape head follows a different path to that in the normal read
mode, because both the head rotation rate and tape speed are changed. (See figure DF-8).

Figure DF-8 I
Tape
Tracks
Path of head during
Fast Search \ Head Motion

N

To allow the drive’s electronics to lock on and acquire the positional information required
for fast-search, the information in the Sub-Code areas is repeated for each frame in a
group.

Once the target group has been found, the drive uses the information in the group index to
find out where specific setmarks, filemarks or blocks are located within the group.

Fast-searching is invoked by an internal algorithm making decisions about what is in the
buffer, and depends on whether the command is a SPACE forward or reverse of a number
of blocks, filemarks or setmarks.

DDS Format 7
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How Indexing Works

Figure DF-9

Block

Block Entity Block

The method of indexing in DDS used in a group allows the format to map variable-length
biocks into fixed group sizes.
The index contains two special blocks:
1 The Group Information Table. This has a fixed size of 32 bytes, containing the following
information:
# The Group Count
8 The Block Count
® The Filemark and Setmark Counts
& The size of the Block Access Table
2 The Block Access Table. This is of variable length, and contains the following informa-
tion:
m The start and end of entities and blocks in the group
m The position of filemarks and setmarks in the group

The minimum supported length for an entity or block is 1 byte
The maximum supported length for an entity or block is 2241 bytes
This limit is imposed by the 3 bytes allocated in the Block Access table for block length.

Figure DF-9 shows an example of Indexing, and table DF-1 shows the Block Access entries
which correspond to the example.

Block Access Table
msb Isb

Access Eniry N

[okB|FM| 20kB [FM| e4kB  [FM[10KkB|FM|FM[sM|

Access Entry N-1

Access Entry 2
Access Entry 1

_l Index

Group Information Table

10KB 10K8 ] x
Group Count I Block Access Table Count
PR \ W\
N\ 20 KB \64KB Record Count
{ Skip Filemark Count
| Entries Reserved Setmark Count
N — — P No. of Records in Group | Prev. Record Group Count
~
No. of FMs in Group Prev. FM Group Count
22 Frames = 1 Group P
Approx 126 Kbytes per group No. of SMs in Group Prev. SM Group Count
Example of Reserved
Indexing
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Fast-Search, Indexing, Error Correction
How Indexing Works

Table DF-1. Block Access Entries —___Flag Byte Count (dec) Remarks

Access Entry 1 01100011 10240 10 Kbyte Block
00000111 0 Filemark
01100011 20480 20 Kbyte Block
00000011 0 Filemark
01110011 65536 64 Kbyte Entity
00000111 0 Filemark
01100011 10240 10 Kbyte Block
00000111 0 Filemark
00000111 0 Filemark
00000111 1 Setmark

Access Entry 11 10000000 20136 Skip Entry

The skip entry is computed as the difference between group capacity and total count. In

the above example:
skip entry count = 126632— (10240+ 20480+ 65536+ 10240) = 20136.
The figure of 20136 includes the 32 bytes of the Group Information Table and the 44 bytes

(11x 4) of the Block Access Table entries.

Block Access Table

The Block Access Table describes the contents of the group and contains an entry for each
block, entity, filemark and setmark. Partial entities and blocks contained in the group also
have an entry. The size of the table varies according to the contents of the group. The
access entries are in reverse order, with the latest entry first and the first entry last,
immediately before the Group Information Table.

Access Entries

Byte

Each access table entry is 4 bytes, consisting of a Flag byte followed by a 3-byte Count field:

Bit: 7 6 5 4 3 2 1 0
O | Transfer | Transfer | End of Transfer Block < Fl
a
Skip Data | Data-Block |Compressed After EW | Mark Begin Block End Bytega
1] MsSw)
2 Count
3 (LSW)

Transfer Skip 1 The number of bytes specified by the Count field should not be sent to the
host. This is used to specify the number of bytes in the group to remove the
index and any “padding” bytes.

Transfer Data 1 The number of bytes specified in the Count field should be sent to the host.
The sum of all Count fields in the Block Access Table with either the Transfer
Skip or Transfer Data bits set is 126632 bytes.

End of 1 The entry specifies the end of a data block.
Data-Block

Transfer 1 Signifies that the item is an entity.
Compressed

After EW After Early Warning when the block was written.
1 Allows the drive to return EW status to the host during reading at the same
point at which it wasdetected during writing.
Mark Specifies that the item was a type of mark. A Count field of zero indicates that it
was a filemark. A Count of one specifies a setmark.
Block Begin 1 The entry specifies the beginning of a block.

Block End 1 The entry specifies the end of a block.

DDS Format 9
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How Indexing Works

Both Block Begin and Block End are set for filemarks and setmarks. However, End of
Data-Block is only set for the end of a block of data, not for marks.

If Block End is set and Mark is not set, then the Count field contains the number of bytes
in the block.

If Biock End is set but neither Mark nor Transfer Data are set, then the Count field
contains the total number of bytes for a block which spans one or more groups. The count

must equal the sum of the Count fields of the constituent elements of the block, specifically
the first part, any middle parts, and the last part of the block.

The maximum block length supported is 2%_1 bytes.

Note More detailed information on format is available in the DDS Format Description, available
from Hewlett-Packard Computer Peripherals, Bristol, UK.

The maximum number of blocks, filemarks and setmarks that can be written is governed
by the byte allocations in the Group Information Table.

These are as follows:

Blocks 232— 1
Filemarks 232- 1
Setmarks 216_1

16 (excluding the group designated as the Vendor Group, which
2i%_1 g group gn P,
Number of GfOUpS . it atically by the drive)

Example of Indexing

The following calculation shows the effects of indexing on tape capacity when writing
fixed-length 512-byte blocks.

126632 bytss Capacity of a group
- 32 bytes Group Information Table (fixed overhead)
- 4 bytes Skip Entry (fixed overhead)

126596 bytes Available data and index space

Capacity _ available data and index space _ 126596
~ length of data block+ block entry ~ 512+4

= 245 data blocks + 176 bytes extra

The 176 extra bytes for a partial block must include another index entry (4 bytes) leaving
172 bytes for the partial block data.

Data size = 245 blocks + 1 partial block
= (245% 512)+ 172 = 125612 bytes/group

Index size = Group Information Table + Skip Entry
+ Index Entries for 245 blocks and 1 Partial block

= 32+ 4+ 4+ (245x 4) = 1020 bytes

index overhead - ¥ 100 = 080552

1.3 gigabytes (nominal) — 0.8055% of 1.3

Tape capacity =
= 1.289 gigabytes

10 DDS Format
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How Error Correction Works in DDS

This section reviews the ability of the Audio DAT format and the DDS format to correct
errors. Audio DAT has two levels of ECC—C1 and C2. DDS format uses the same levels as
Audio DAT format but adds extra error-correction techniques: C3 ECC, N-group writing,
read-after-write, data randomizer and checksums.

Audio Format C1 and C2 ECC Performance

C1 ECC is (32,28) Reed Solomon code and can detect and correct errors in any two
symbols, or it can correct four symbols where the error location is known. A symbol is
basically equivalent to one byte. C2 ECC is (32,26) Reed Solomon code and can correct
errors up to three symbols long, or six symbols when the error location is known.

To minimize the probability of faulty detection of an error, the C2 code decoder typically
corrects two symbols and six symbols where the error location is known, using C1 error
condition flags. The research papers listed in the Bibliography review the performance.
Their conclusions are summarized as follows:

Random Error Performance
In the following, Ps = Symbol error rate.

Probability that a symbol error is uncorrectable: Pun=~3.8x 1023p}7

Probability that a symbol error is misdetected: Pmis~8.8x 1016p}7
This performance is shown in figure DF-10.

Figure DF-10
1071°
One symbol
error per day
One symbol
error per year
Error probability 1018
per symbol
(Byte error rate) \
\ Uncqrrection
102
Misdetectipn
102 \
Audio DAT Random Sony Corporation
Error Correctability 10
10" 102 10° 107

Symbol Error Rate (Raw Byte Error Rate) Ps
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How Error Correction Works

Burst Error Performance
Maximum correctable burst error length = 792 symbols (6336 bits)

Since the linear recording density of DAT is 61,000 bits/in., this is equal to 2.64 mm along
a helical track.

The horizontal correctable error width is 2.64 X sin6.25° = 0.3 mm, and the vertical
correctable error width is 2.64 X c0s6.25° = 2.6 mm (see figure DF-11).

Figure DF-11

1 Group = 23 Frames Vertical Error Pattern
— b— 2
< 7 N\
2 4
C2 Correction Limit 2.6 mm
B " Horizontal
p i Error Pattern
C
N\ N
C2 Correction ] \
Limit 0.3 mm
N
SI< N
Audio Format C1/C2 I ]
Code Correctability | 200 Frames = 400 Tracks I
200 Frames

T

+—— Shown to scale

DDS-Format C3 ECC Performance

in the DDS format, C3 code can be added to improve data integrity. C3 ECC is (46,44)
Reed Solomon code and can detect and correct errors as follows:

Correctable Detectable but Uncorrectable Misdetection or Miscorrection
1 error 1 error + 1 erasure error =2 errors
<2 erasure errors =3 erasure errors =2 errors + 1 erasure error

=1 error + =2 erasure errors

error: an uncorrected and misdetected, or miscorrected symbol error after C1/C2
correction. Refer to the curve “Misdetection” in figure DF-10.

erasure error: a symbol error detected but uncorrected by C1/C2 correction. Refer to the curve
“Uncorrection” in figure DF-10.

Each C3 codeword symbol is interieaved and corrected by the Audio DAT C1/CZ code. Asa
result, the C3 code symbol error rate is the error rate after C1/C2 correction.
C3 code performance can be estimated as follows:

Random Error Performance
Probability of a symbol being uncorrectable by C3 ECC after C1/C2 correction:

Punc3 = 46C3Pun
~15x 10%P,.. (See figureDF-12)

where Py, is the error rate after C1/C2 correction.

Figure C-3 shows that random error performance is more than adequate. The shaded area
represents the actual bit error rates seen in media testing.
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How Error Correction Works

Burst Error Performance
The most dangerous errors are burst errors caused by horizontal, vertical and helical error
patterns. C3 can correct any two tracks in a group (see figure DF-13).

Figure DF-12 10—
10%° -
Corrected Error (C1 + C2)
Rate (C1 +C2)
with 2-Group

. Writing

0% (C1 + C2) + C3

Typical Error
Rate

% .

i
Hewlett-Packard 10° ?04 1 0.15

Uncorrected Bit Error Rate

10% |

DDS Format
Random Error
Correctability

Figure DF-13 C3
Any two tracks
Frame (= 2 tracks) per group ECC Frame
l | Index Ambles

C1/C2

DDS C3 Code . . y
Correctability 22 Frames = 1 Group (approx. 128 Kbytes per group)

The code copes with the errors as follows:

Horizontal error pattern
C1/C2 code can correct up to 0.3 mm width horizontal error pattern. If the error exceeds
this limit, all the tracks become uncorrectable, and so no type of C3 ECC can help.

Vertical error pattern
C1/C2 code can correct up to 2.6 mm width vertical error pattern. Outside this limit, about
190 tracks become uncorrectable simultaneously, assuming circular defects. Correcting an
error like this using a track-based correction scheme would require a C3 capable of
correcting more than 190 tracks.

Helical error pattern
C3 is well suited to correct helical errors (soft errors caused by head clog). One way of
removing the error is through ‘retry’, but this affects the data transfer rate.

DDS Format 13
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How Error Correction Works

Using C3 code: ,
® The drive can continue streaming.

® Hard errors which may occur during writing without read-after-write
can be detected and corrected.
The chance of a head clog occurring depends very much on the condition in which the drive
is maintained.
As a worst case, consider figure DF-14. 84 head clogs were observed during 3000 hours

reading—in other words, 1.6% 10'3 bits read without maintenance. The probability of
needing a retry is 23%, that is 19 cases during the last 1400 hours reading. This gives a
rate of once in each 74 hours use, and this is quite acceptable in a worst case where there is
no maintenance. With proper maintenance, the retry rate will be much lower.

Figure DF-14 10 -
9 4

8 4

Number of Occurrences

(per 100 hours) 6 4
5 4
4 ]
31

(tracks)

0 Time (hours) 1000 2000 3000

For the data iliusirated in this graph, a new tape was used, written to once and then put through 1500
Head Clog Data read passes (FWD for 2 hours, then REW). A Sony DTC-1000 tape drive was used with a 4-head drum.
it was cleaned before the first pass; after that there was no cleaning and no maintenance.

15

Because of the nature of head clogs, there is no limit to their length. C3 can only reduce the
occurrence of retries.
N-Group Writing Performance

N-group writing is an additional technique to improve data integrity with or without C3
code. Each group is duplicated N times, and the probability that each symbol of the C3 code
becomes uncorrectable is improved as follows:

Pun:N—group = Pryn
Random error performance for 2-group writing is shown in figure DF-12 as well.

This technique is beneficial, especially when writing without read-after-write, and can
recover up to 23(N— 1) tracks head clog per head, and up to 46(N— 1) tracks tape damage.
Thus 2-group writing can recover up to 23 tracks of head clog and 46 tracks of tape
damage, 3-group up to 46 and 92 tracks respectively, 4-group up to 69 and 196, and so on,

14 DDS Format



Fast-Search, Indexing, Error Correction
How Error Correction Works

up to 8-group, which could recover up to 161 tracks head clog per head and 322 tracks of
tape damage.
Read-After-Write

This is the most popular and proven method of improving data integrity. In the DDS
format, frames are rewritten because this is more efficient than rewriting groups (see

figure DF-15).
Figure DF-15
Capacity 100
(%) 90 |—
80 |—
Frame rewrite
70 — ¢ k=0
k=2
50 |
40 |—
30 —
20 }—
10 {—
Sony Corporaﬁor]
o | | | | |
107 10® 10° 10 10°° 102 10" 10°
Frame Error Rate
Frame Rewrite
Errored Frame W Rewritten Frame
\\
n.il N+ n+2 n+k n n+1
A\
| M ]
k Dummy Frames
Rewrite Frame
Group Rewrite Errored Group “ Rewritten Group
\\
i k Group n
A\
Effective Capacity [ MW ]
versus k Dummy Frames
Read-after-Write Errored Frame
Scheme Rewrite Group if a Frame in a Group is Erroneous

A bad frame can be rewritten after up to five other frames have been written. This allows a
variety of read-after-write sequences with existing and future LSI chips, and using
mechanisms with a drum diameter of 30 mm and a 90° wrap angle or a drum diameter of
15 mm and a 180° wrap angle.

Attempts can also be made to rewrite each frame up to 128 times to allow the drive to skip
damaged areas equivalent to several tracks.
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How Error Correction Works

Data Randomizer

The error rates between random data and worst-pattern data differ by a factor of 10. By
using a data randomizer, it is possible to reduce the worst-case error rate. The randomizer
also produces data with a spread of transitions which have a more consistent RF envelope,
allowing accurate RF level detection as a read-after-write criterion.

Checksum

If a head clog occurs during writing, there is a chance that the previously recorded data is
not overwritten but remains intact. This is called drop in. It is important to check for this
type of error occurring during both writes and reads, because it will not be detected by the
track-based C1 and C2 codes.

The structure of the C3 ECC is such that it will correct any two tracks if the location of the
erronecus tracks is known, but only one track if the track location is unknown. By
recording the track checksum in four subcode areas, the location of a drop-in is sure to be
detected using the track checksum. This allows us to provide a full two tracks-worth of
ECC with the C3 algorithm.
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(Glossary

AFC
amble
ANSI

area ID
ATF

BAT
bit error rate

block
block count

BOM

BOP

buffered mode

burst error
C1ECC

C2ECC

C3ECC

checksum

crosstalk

DAT

Absolute Frame Count.
A frame used to separate groups.

American National Standards Institute, which sets standards for, amongst
other things, SCSI and the safety of electrical devices.

Defines the area of the tape and specifies which type of frames are written.

Automatic Track Following—a method of ensuring the head is in the center
of the track being read. There are ATF areas at the beginning and end of
each track, with the user data in between. The head is wider than a track
and so reads the ATF areas of the two tracks on either side as well as that of
the track it is supposed to be reading. By comparing the content and
strength of the signals from the ATF areas, the servo system adjusts the
drum and tape speeds so that the read-head passes directly over the
center-line of the track being read.

Block Allocation Table

Number of errors
Number of bits written or read

A set of adjacent logical records treated as a unit of information.

The number of blocks written since the beginning of the tape. Filemarks and
save-set marks are included in the Block Count.

Beginning Of Media. The first point on the tape which can be accessed by
the drive.

Beginning Of Partition. The position at the beginning of the permissible
recording region of a partition.

A mode of data transfer in write operations which facilitates tape streaming.

It is selected by setting the Buffered Mode Field to I or 2 in the SCSI Mode
Select Parameter List header.

A series of contiguous symbols on the tape which are incorrect.

C1 error correction code is (32,28,5) Reed-Solomon code with an interleave
depth of two bytes. This enables it to correct up to two byte error or burst
errors up to four bytes long. The code is stored in the same track as the data.

C2 error correction code is (32,26,7) Reed-Solomon code with an interleave
depth of four blocks (1 data block = 288 data bits). This enables it to correct
up to a three byte error, six byte erasure error, or 792 byte burst error. The
code is stored on the same track as the data.

A third level of error correction code covered by the DDS format. C3 allows
any two tracks in a group to be corrected, and is used only when a raw data
error is too big to be corrected by C1 and C2. C3 code is stored in an extra
frame at the end of the twenty-two frames of data in each group.

The sum of a series of bytes which is written to the tape, so that it can be
checked against the sum of the same series of bytes when the tape is read.

The condition in which the signals from one track on a tape interfere with
the signals from an adjacent track.

Digital Audio Tape

Glossary 1



data format ID
device area
DDS

dropout

ECC
ECMA

envelope

EOD
EOM
EOP

EW

fast searching
FRU

filemark
filemark count

frame

group

group count

hard error

head clog

index

interleaving

lead-in area

load

Glossary 2

Specifies which data format is being used on the tape.
The first area on the tape used by the device for drum spin-up and testing.

Digital Data Storage, a standard format originally developed by
Hewlett-Packard and Sony for DAT used for data storage.

An area of tape where the signal level of the medium has fallen off to a level
where data recovery is no longer possible.

Error Correction Code

European Computer Manufacturer’s Association

A waveform composed of the instantaneous peak values of an alternating
signal which indicates the variation in peak amplitude of the signal.

End Of Data
End Of Media. The last usable point on the tape.

End Of Partition. The position at the end of the permissible recording region
of a partition.

Early Warning. A physical mark or a device computed position on the tape
which tells the drive that it is approaching EOP.

The process of reading just the sub-areas to locate an item on the tape at a
speed up to 200 times faster than normal read speed.

Field Replaceable Unit, an assembly or group of components which is
replaced in its entirety by Service Engineers when it contains a fault.

A mark written by the host. It does not necessarily separate files. It is up to
the host to assign a meaning to the mark.

The number of filemarks written since the beginning of the current

partition up to and including the current group.
Two adjacent tracks, one positive azimuth and one negative azimuth.

A fixed capacity set of frames written to or read from the tape, defined in
the DDS format.

The number of user data groups that have been written following the
Vendor Group, starting with one. The Vendor Group has a group count of
zero.

An uncorrectable data error. During writing, this is defined as being

uncorrected after the RAW retry limit has been exceeded. During reading, a
hard error is logged if a group is uncorrectable hy C1, C2 or C3 ECC.

i Taa 2 = = LI

Particles from the tape or from outside the drive adhere to the head gapon a
read or write head and obstruct the reading or writing of data. The particles
will often become disiodged again with continued use. :
Information stored at the end of a group which specifies the contents of the
group. Every group except the Vendor Group contains one index.

The process of shuffling the order of data bytes before writing them to tape
so that consecutive bytes are recorded as far away from each other as
possible. This minimizes the impact of any burst error, so that C1 and C2
ECC have the maximum chance of recovering the data.

The first section of the tape used for loading, BOP positioning, and tape
usage logging.

To accept a cassette into the drive, open the lid, and go online.



logical frame number

LUN

N-group writing

noise

online

offline

partition

PCM

Qic

randomizing

RAW

raw bit error rate

read-after-write

record
reserved

setmark

setmark count

SCSI
soft error

A unique number for each unique frame of a group. An amble frame has a
Logical Frame Number of zero. Any repeated frames will have the same
Logical Frame Number.

Logical Unit Number, by which a device is identified on the SCSI bus. The
drive has a fixed LUN of 0.

Sometimes called multiple group writing, N-group writing repeats each
group of data so that there are N consecutive copies of each group on the
tape. This is a simple way of improving data integrity, but speed and
capacity are sacrificed in writing all data several times.

Any kind of unwanted magnetic or electric interference detected by the
electronics.

The drive is online when a tape is loaded. The host has access to all
command operations, including those which access the tape, set
configurations and run diagnostic tests.

The drive is offline if the tape is currently unloaded or not in the drive. The
host has limited access, and cannot perform any commands which would
cause tape motion. The host can, however, load a tape, if one is inserted, and
can execute any diagnostic tests which do not require tape motion.

A part of a tape which can be treated as a complete and independent whole.

Pulse Code Modulation. A technique of converting an analog signal into a
series of numbers (a digital signal) representing the signal’s amplitude at
successive instants of time.

Quarter-Inch Cartridge. An industry committee for standardization of
Quarter-Inch Cartridge formats.

A recoding of data symbols before they are written to tape in order to
provide a consistently high RF envelope level. A consistent RF envelope is

- one of the criteria for rewriting a frame on read-after-write.

see Read-After-Write

The probability of a bit being an error, without using any error correction
techniques (see bit error rate).

RAW improves data integrity by reading data immediately after it is written
and writing the frame again if an error is found. The Audio DAT two-head
drum is replaced by a four-head drum for this, with two read-only heads and
two write-only heads. Frames are only re-written as necessary, so speed and
capacity are affected minimally. RAW is included in the DDS format.

see block

Not generally available for use with the drive. A reserved field should
contain all zero bits.

A special recorded element within a partition, which allows fast searching
to a point on the tape without having to know the number of records or
filemarks that precede this point.

The number of setmarks that have been written since the beginning of the
current partition.

Small Computer System Interface

A soft error is a data error which can be corrected by a RAW rewrite during
writing to tape, or by C1, C2 or C3 ECC, or a read-retry during reading.

Glossary 3



spacing Spacing is moving along the tape over a specified number of blocks,
filemarks or setmarks, or to EOD, in order to find the data you want quickly.

system area A section in the Lead-in Area used to store the tape usage information.

tape log The tape log contains details of the history of a tape, the total number of
groups written, of RAW retries, of groups read, of C3 ECC retries, and of
loads. The log is copied into RAM when the tape is loaded into the drive,
updated as the tape is used, and loaded back into the System area on the
tape when it is unloaded.

tape mark Same as filemark (filemark is the preferred term).
vendor unique The addition of commands to SCSI that are not included in the standard.

writebehind Also called "Immediate reporting during writes". A drive operating in
writebehind mode accepts data from a host and reports to the host that the
data has been written to the media when actually the data is still in the
drive’s buffer waiting to be written to tape. This has the advantage that the
host can continue with other tasks, based on the assumption that the data
has been written.

writebehind condition A condition where the drive’s buffer contains data which it has reported as
having been written, but in fact still remains to be written.

writebehind queue Data (host data, filemarks and setmarks) held in the drive’s buffer which
has yet to be written to tape, despite the drive having reported to the host
that the data has been written.
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